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Fluctuations inside the real fusion plasma are 
immensely complicated. In order to reduce the 
complexity, a typical character of plasma fluctu-
ations can be taken into account. Most fluctua-
tions propagate almost perpendicular to the mag-
netic field. Disturbances due to the fluctuations are 
extended parallel to the magnetic field. If fluctu-
ations along with magnetic field lines are viewed, 
the three dimensional turbulence can be mostly re-
duced to the two dimensional one. Tangential view-
ing is one neat method to do this in a toroidally 
confined plasma. If the viewing angle is carefully 
adjusted, the lines of the sight will be almost paral-
lel to the magnetic field at one side(inboard or out-
board side of a plasma). In the way, we may resolve 
fluctuation with fairly high polidal mode numbers( 
e.g. up to several tens to hundreds). 
A tangentially viewing soft X-ray camera has 
been developed in collaboration with PPPL and 
KFA since 1997. So far we continued testing in 
TEXTOR and LHD. In this article the latest vertion 
of the camera system and the first experimental re-
sults from LHD will be reported. Schematic dia-
gram of the camera is shown in Fig. 1. Soft X-ray 
emission is converted to the visible light at the scin-
tillator screen. Output image is transferred through 
a fiber bundle and its size is reduced by an electron 
beam type image intensifier(I.I.). It is further inten-
sified by a new two-staged 1.1 (Proxitronic BV2563 
+ BV2503) whose input window is directly cou-
pled with a tapered fiber optic plate(FOP). Because 
of the higher transfer efficiency due to the direct 
coupling, the SjN ratio was significantly improved. 
Finally, the images are recorded by a fast-framing 
video-camera(KODAK 4540mx). The rate is 4.5 
kHz (256 x 256 pixels) and 13.5kHz(128 x 128 pix-
els), respectively. These rates enable us to study 
low frequency MHD activities often exited in LHD 
plasmas. The narrow(8bit) dynamic range of the 
camera is a weak point of the system. We needed 
to adjust the framing rate and the MCP voltage at 
the second 1.1. from 0 V (xl electron/electron) to 
800 V ( '" x500 el.jel.) in order to use the full range 
of the camera. Typical noise level is 1 % with low 
amplification (3.0 el./el.) and 3% with high ampli-
158 
fication (300 el./el.). 
So far we have successfully detected several 
interesting phenomena, such as, MHD oscillations 
with toroidal/poloidal mode number n/m = 1/2 and 
the rotating structure with n/m = 1/1 induced by 
ice-pellet injections. Singular value decomposi-
tion(SVD) method[l] is applied to separate fluc-
tuating components from the video signal. By 
SVD, a matrix A(MxN) containing N time series 
of M samples is decomposed into three matrices, 
U(MxN), V(NxN) and a diagonal matrix W(NxN); 
A = UWVt • The columns of U and V are tem-
poral and spatial eigenvectors and are called topos 
and chronos, respectively. A time series ai can be 
written by a combination of the independent com-
ponents of the topos and the chorons as, 
ai = Wl XVil XUl +W2 XVi2 XU2 + ... +Wm X Vim XU m · 
(1) 
We could successfully extract relevant fluc-
tuating components by SVD compared with FFT 
based analyses. One example is shown in Fig. 2. 
First(largest) component represents the whole im-
age of the plasma. Third rotating one has a clear m 
= 2 structure. The mode structure was confirmed 
by the magnetic probe array. 
[l]C. Nardone, Plasma Phys.Ctrl.Fusion,1992,34,1447 
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Fig.1: A conceptual view of the tangentially viewing 
camera. 
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Fig.2: First and third components of chronos and topos 
of the video image. 
